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ABSTRACT 
 
Aedes aegypti (Diptera, Culicidae) is the predominant mosquito vector of several arboviruses such 
as dengue fever, yellow fever, chikungunya and zika. The larval stage is the major period of 
feeding and growth of these insects. Many of the products tested for Ae. aegypti control are 
ingested by the larvae in their natural environment or under laboratory conditions. In some 
situations, the identification of tissue lesions caused by the ingestion of such products serves as 
the primary way to understand their mechanism of action and confirm their effectiveness. 
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Therefore, we aimed to conduct studies on the histological and histochemical characteristics of Ae. 
aegypti larvae in order to contribute to a better understanding of the pathogenicity caused by 
chemical or biological products for larval control. Therefore, we characterized tissues in the midgut 
of healthy Ae. aegypti larvae and present high quality images. These images are intended for 
comparison with results of morphohistochemical studies testing the effect of control substances in 
mosquito larvae. 
 
 
Keywords: Aedes aegypti; midgut; histology; histochemistry. 
 
1. INTRODUCTION 
 
Aedes aegypti (Diptera, Culicidae) is the main 
mosquito vector of several arboviruses such as 
dengue fever, chikungunya and zika. This 
mosquito species is widely distributed in tropical 
and subtropical areas of the world [1]. In Brazil 
Ae. aegypti can be find in all regions of this 
country [2]. 
 
According to [3] of all arboviruses, dengue is the 
most prevalent human arboviral infection.  The 
actual numbers of dengue cases are 
underreported, and many cases are 
misclassified. However, annually approximately 
390 million people become infected with this 
arbovirus. 
 
The better way for controlling Ae. aegypti is 
through their larvae. Such control must be 
combined using chemical and biological targeting 
of Aedes mosquitoes and management of 
breeding sites [4]. However, depending on the 
area of distribution many Ae. aegypti populations 
have become resistant to chemical insecticides 
[5], as well as biological insecticides [6,7]. 
 
In response to the growing number of resistant 
Ae. aegypti populations, several studies have 
attempted to identify substances derived from 
other synthetic chemicals, products isolated from 
plants [8,9] and microorganisms, which may 
serve as alternative control methods [10-12]. 
 
The larval stage is the major period of feeding 
and growth of these insects. Therefore, many of 
the products tested for their control are 
administered to the larvae in their natural 
environment or under laboratory conditions. 
According to [13], the midgut is highly 
representative of the interconnection between 
the larvae and their environment. The 
understanding its morphology and physiology is 
essential for assessing such control methods.  
 
In some situations, the identification of tissue 
lesions caused by products aimed at control is 
fundamental for understanding the mechanism of 
action of these products and confirming their 
effectiveness in insects. These analyses are 
usually based upon morphological and 
pathogenic tissue differences between insects 
exposed to chemical compounds or biological 
products and those with healthy tissues [14-20]. 
 
As mentioned above, these studies highlight the 
importance of knowing the mode of action and 
the target site of larvicides. However, despite 
several papers citing histological changes, there 
is a lack of histological and histochemical 
descriptions of healthy mosquito larvae. This 
makes it difficult for researchers that need to 
make comparisons between injured and healthy 
tissues to confirm their findings. Thus, the extent 
of comparison becomes impaired, which hinders 
the description of these tissues. 
 
In these studies, most findings are identified and 
described based on optical microscopy images. 
However, factors such as low image quality, lack 
of information about the exact location evaluated 
and the absence of sequential histological 
sections can result in insufficient data for precise 
evaluation. In addition, there is a lack of 
descriptions related to healthy mosquito tissues, 
variations among healthy tissues and normal 
physiological activities, among others, which 
could help researchers investigating substances 
for mosquito control. Therefore, we aimed to 
present studies on the histology and 
histochemistry of Ae. aegypti larvae to contribute 
to a better understanding of pathogenicity 
caused by chemical or biological products for 
larval control. To achieve this, we characterized 
healthy tissues of the digestive tract of Ae. 
aegypti larvae, specifically the midgut, presenting 
high-quality images and providing a basis for 
more comprehensive comparison in 
morphological studies of mosquito larvae. 
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2. MATERIALS AND METHODS  
 
2.1 Maintenance of Ae. aegypti Colony  
 
In this study a colony of the Rockefeller strain, 
established in the Sector of Parasitology at the 
Federal University of Rio Grande do Sul, was 
used. 
 
2.2 Preparation of the Material 
 
Twenty larvae (late third or early fourth instars) 
were placed still alive in Bouin’s solution for 24 
hours at room temperature. After this period, they 
were washed with 70% alcohol in order to 
eliminate any residue. 
 
Dehydration was performed by immersing larvae 
in a series of increasing ethanol concentrations, 
beginning with 70% for 10 minutes, 95% for 15 
minutes, absolute ethanol for 20 minutes, then 
again for 30 minutes.  
 
The larvae were embedded in resin solution 
(Leica Historesin Embedding Kit) at room 
temperature. The embedding was made in 
polyethylene molds (6 × 8 mm; Leica), and each 
block contained two larvae positioned 
lengthwise. The molds were kept at 40°C for at 
least 12 hours for ensure complete 
polymerization of the resin.  
 
Longitudinal sections (3 μm) were cut using a 
semi-automatic rotary microtome (Precision 
YD335 – Button Panel) with disposable blades 
(Histoblade). For each block of resin, 10 to 15 
microscopy slides were prepared, on which six 
sequential sections were fixed. These slides 
were stored in a drying oven at 30 ± 2°C for at 
least 24 hours. Finally, the sections were stained 
with Harris’ hematoxylin and eosin for the 
histology analysis. For histochemical 
characterization, bromophenol blue, Nile blue, 
toluidine blue and Periodic acid Schiff (PAS) 
stains were used.  
 
The material was examined and photographed 
using an Olympus microscope (BX41). The scale 
bar was determined using ImageJ software 
version 1.50f. 
 
3. RESULTS AND DISCUSSION  
 
3.1 Morphological Aspects 
 
The body of the larva consists of a head, thorax 
and 10 externally visible abdominal segments. 
Internally, the digestive system is divided into 
three parts (stomodeum or foregut, mesenteron 
or midgut, and proctodeum or hindgut). The 
mesenteron has to be distinctly observed in the 
anterior, middle and posterior regions. This 
division only serves to facilitate the histological 
description, as there are notable morphological 
differences between these regions. The anterior 
region of the mesenteron begins with the gastric 
caeca in the first abdominal segment, the middle 
region is located between segments II and III, 
and the posterior segment is equivalent to 
segments IV and V. The other segments belong 
to the hindgut (Fig. 1). 
 
Some aspects must be observed. The use of 
distilled water is fundamental to obtain the best 
visualization of the structures. This is because 
the historesin remains in the sampled material 
which is then stained, including the dirt materials. 
 
The morphological aspects of the digestive 
system must be analyzed in sequential slides. It’s 
because is rare to see all materials on the same 
microscopy slide due to some larval torsion 
occurred during the inclusion process.  Even so, 
it is possible to facilitate analysis of nearby 
structures, such as observation of the foregut. In 
this region, the proventriculus can be easily 
observed (Fig. 2). 
 
Regarding the foregut, the best observed 
structure is the proventriculus, which presents as 
an invagination of the esophagus surrounded by 
a layer of columnar epithelium, similar to the cells 
of the midgut. According to [21], these cells are 
responsible for secreting the peritrophic 
membrane, while the remaining structures will 
ultimately shape this structure by compression. 
This region is important as it actively participates 
in mechanical defense processes against 
pathogens that may have been ingested by the 
larvae. 
 
Even when the sections are superficial it is 
possible to observe three gastric caeca, two 
lateral and one central (Fig. 3). The remaining 
structures of the foregut and midgut are not 
apparent. Only the lateral caeca are evident in 
deeper sections, and among them, one can see 
the remaining structures. The gastric caeca cells 
are large, slightly flattened, with clear edges 
along the brush border, which contrasts with the 
description by [18] who suggested that these 
cells did not have well-developed microvilli         
(Fig. 4). 
 
Fig. 1. Abdominal segments of Aedes aegypti
composed of the gastric caeca (GC) in segment I. The middle region of the mesenteron is 
present in segments II and III, and the posterior region of the mesenteron is in segments IV 
and V. Segments VI to VIII are below in the proctodeum. Stained with H&E, image taken at 40X 
 
Fig. 2. General overview of the anterior part of 
and thorax. Stained with H&E, image
GC, gastric caeca; PP, pharyngeal pump; PV, proventriculus
 
The brush border consists of microvilli which 
assist in the absorption of nutrients, and these 
structures are acidophilic when stained by eosin. 
However, epithelial cells of the midgut also play a 
role in the secretion of substances. The 
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 larvae. The anterior region of the mesenteron is 
magnification 
 
 
Aedes aegypti larvae showing part of the head 
 taken at 200X magnification. E, esophagus; FB, fat body; 
 
epithelium is composed of a rectangular, uniform, 
single layer of cubical and cylindrical cells, 
highlighting the brush border. Regenerat
appear at the base of the tissue where they are 
interleaved between epithelial cells, and are 
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ive cells 
generally easily visualized (Fig. 5). The nuclei 
are central and globular, and the cytoplasm can 
range from smooth and heterogeneous to 
granular with basophilic regions (Fig. 6).
 
We observed a slight variation in cytoplasm 
color. Underneath the villi the staining is more 
Fig. 3. Superficial section containing three gastric caeca. Stained with H&E, image taken at 
200X magnification. EXO, exoskeleton; FB, fat body; GC, gastric caeca; MU, muscle; SG, 
Fig. 4. Epithelial cells of the gastric cecum showing the brush border. Stained with H&E. Image 
taken at 1000X magnification. BB, brush border; EC, epithelial ce
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basophilic, which becomes more acidophilic 
toward the center of the cell. This variation 
shows intense metabolic activity. The nucleolu
appears well-defined, and the nucleus is always 
granular. In some cells the granular pattern 
appears to be more peripheral. 
 
 
 
 
salivary gland 
 
 
 
ll; GC, gastric caeca; MU, 
muscle; N, nucleus 
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s 
Fig. 5. Section showing a single layer of epithelial cubic cells in the mesenteron with 
intercalated regenerative cells. Stained with H&E, image taken at 1000X magnification.
brush border; BM, basal membrane; EC, epithelial cell; ECS, ectoperitrophic space; ENS, 
endoperitrophic space; RC, regenerative cell
Fig. 6. Section of epithelial tissue of mesenteron showing cubic and columnar cells with a 
central nucleus and a smooth and heterogeneous cytoplasm. Stained with H&E, image taken 
at 1000X magnification. BB, brush border; BM, basal membrane; ECS, ectoperitrophic space; 
ENS, endoperitrophic space; RC, regenerative cell
Some larvae presented a higher
regenerating cells and fewer regular cells in all 
regions of the midgut, often combined with a 
higher quantity of vesicles in the lumen, making it 
appear full of cellular material (Figs. 7 and 8). 
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 number of Secretory activity is common in the posterior 
region of the mesenteron; however, this activity 
was also high in the anterior and middle regions 
in two samples. This pattern may be related
proximity of ecdysis. This is supported by 
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 BB, 
 the 
[21,22], 
who both described that the morphological tissue 
differs according to the age of the larvae. The 
larvae that were closest to pupation had less 
Fig. 7. Epithelial tissue with high secretory activity in which the tissue appears to be less 
standardized. Stained with H&E, image taken at 200X magnification. CM, cellular material; EC, 
epithelial cell; ECS, ectoperitrophic space; ENS, endoperitrophic space; FB, fat body; IL, ileum
 
Fig. 8. Detailed view of epithelial cells with apocrine secretory activity, showing secretion into 
the lumen in the posterior region of the mesenteron. Stained with H&E, i
magnification. CM, cellular material; ECS, ectoperitrophic space; N, nucleus. Arrows indicate 
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homogeneous epithelial tissue. It is well
that secretory actions may cause cell injury, 
therefore, this should be carefully observed.
 
 
 
 
 
mage taken at 1000X 
regenerative cells 
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-known 
 
 
According to [23] the epithelial cells do not 
undergo mitosis, with replacement and growth of 
tissue only occurring by embryonic cell 
differentiation. These cells are unable to 
differentiate into organs in adults, in contrast to 
those that grow from cell multiplication lik
nervous system and fatty body.  
 
Secretory activity and consequent cell anatomy 
is related to the digestive enzymes derived from 
epithelial cells because mosquitoes do not have 
specialized cells for such activities, which is 
different to other insects. No Goblet cells could 
be identified in the samples, confirming the 
description by [24] in studies evaluating the 
carbonic anhydrase in Ae. aegypti
mesenteron. [25] also investigated the presence 
of this cell type, but they did not find any 
evidence of Goblet cells in mosquitoes.
 
The tangential sections showed that the epithelial 
tissue has a polygonal appearance. Observation 
of these sections can often cause confusion as 
the structure of the tissue may indicate cellular 
disorganization or stratification if complete 
evaluation of sequential sections is not 
performed (Figs. 9 and 10). 
 
It is possible to verify a clear morphological 
change in the tissue closer to the hindgut. 
However, even in midgut samples presenting a 
well-defined pattern of epithelial tissue, the cells 
Fig. 9. Tangential section showing the general appearance of tissue in the transition between 
the middle and posterior regions of the mesenteron, as well as the insertion of Malpighian 
tubules. Stained with H&E, image taken at 200X magnification. EC, epithelial cells; EXO, 
exoskeleton; FB, fat body; MT, Malpighian tubules
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in segments V and VI show intense secretory 
activity, and consequently, do not seem to follow 
a particular morphological pattern. 
 
The transition region between the mesenteron 
and proctodeum shows a contrast due to the 
abrupt change in epithelial tissue (Fig. 11). In this 
region we can identify the pyloric Chamber (or 
pylorus), the insertion of five Malpighian tubules 
and the beginning of the ileum, which moves 
food to the colon and finally to the anus.
 
The proctodeum presents a single layer of 
columnar and irregular cubic epithelial cells; 
however, this region is not easily visualized as 
the height of sections differs from other regions. 
According to [26], cellular attachment in this 
region occurs via septate desmosomes and gap 
junctions, which connect the edges of the cells 
and serve as a barrier against fluids and 
molecules that could pass between adjacent 
cells. 
 
3.2 Histochemical Aspects 
 
The histochemical characterization showed a 
positive reaction to acid lipids, total proteins, 
polysaccharides and blue/purple metachromasy, 
but was negative for red metachromasy
neutral lipids. 
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 and 
Fig. 10. Detailed view of the cells in a tangential section of tissue showing a polygonal 
appearance in the transition between the middle and posterior regions of the mesenteron. 
Stained with H&E, image taken at 400X magnification. EC, epithelial cells
 
Fig. 11. Transition between mesenteron and proctodeum
an abrupt morphological change. Stained with H&E, image taken at 200X magnification. EC, 
epithelial cell; FB, fat body; IL, ileum; MT, Malpighian tubules; MU, muscle; PC, pyloric 
 
The PAS reactions showed polysaccharide
containing granules distributed throughout almost 
all tissues. The high concentration of these 
granules in the muscular tissues and fat body 
should be noted, as this results in darkened 
staining of the regions (Fig. 12). Epithelial cells 
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 in which the epithelial tissue shows 
chamber or pylorus 
- that were in the process of secretion have a 
higher concentration of these granules in their 
apical zones (Fig. 13). 
 
According to [23] the fat body is the main storage 
organ, containing lipid and protein globules 
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inside the cytoplasm as well as glycogen 
vacuoles at the periphery of the cell. Muscle 
sarcoplasm is also a reservoir of glycogen, and 
glycogen can also be found in the gastric caeca, 
posterior midgut and nervous system cells 
Fig. 12. Transition between mesenteron and proctodeum in which the epithelial tissue shows 
an abrupt morphological change. Stained with 
endoperithophic space; FB, fat body; GC, gastric caeca; MU, muscle
 
Fig. 13. Detail of middle midgut epithelial cells with well
Stained with PAS, image taken at 1000X magnific
ectoperitrophic space; ENS, endoperithophic space; Gly, glycogen; N, nucleus; 
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[23,27-28]. Thus, the granules highlighted by the 
PAS reaction may indicate the presence of 
glycogen, which is a polysaccharide energy 
reserve. 
 
 
 
PAS, image taken at 100X magnification. ENS, 
 
 
-defined polysaccharide granules. 
ation. BM, basal membrane; ECS, 
PM, peritrophic membrane 
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The proventriculus cells were stained by all 
applied histochemistry techniques, with Nile blue 
showing the weakest positive staining. As shown 
in Fig. 14, it is possible to compare the same 
structure with the various dyes. A stronger lipid 
reaction occurred in the alimentar
the midgut when compared to the weak reaction 
in the cells. It is also possible to compare 
staining with the reaction of the fat body, the lipid 
storage organ. The membranes of the 
proventriculus could be visualized by 
bromophenol blue and PAS staining, which also 
showed glycogen reserves in the structure. 
Chitinous thickening was present at the base of 
the cells of the cardia, and Nile blue staining 
showed that there may be a higher lipid 
concentration in this region. 
 
The peritrophic membrane along the midgut 
was evidenced only by PAS staining, probably 
due to its chitinous nature. [29]
while this structure is composed of chitin, 
Fig. 14. Detail of proventriculus stained with (A) bromophenol blue, (B) Nile blue, (C) PAS and 
(D) toluidine blue. Image taken at 400X magnification. CA, cardia cells; Ct, 
thickening; 
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 found that           
glycosaminoglycans and proteins, bromophenol 
blue only weakly indicated its prese
intestinal epithelial cells evidenced by PAS 
staining contained many glycogen granules; 
however, there may be a switch between rich 
and poor cells of these. 
 
The secretion showed a rich composition of 
proteins and polysaccharides, containing less 
lipids. The ectoperitrophic space presented a 
high free protein content, but it was not possible 
to determine if this originated from the epithelial 
or endoperitrophic space. The comparison 
between dyes for staining secretions is shown in 
Fig. 15. 
 
The brush border and basement membrane were 
evident from the PAS reactions, while 
bromophenol blue only stained the microvilli. Nile 
blue did not indicate the lipid origin in these 
structures (Fig. 16). 
 
 
 
chitinous 
FB, fat body; MG, midgut; Si, sinus 
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Fig. 15. Comparison between dyes for staining secretion or cellular material for 
bromophenol blue, (B) Nile blue, (C) PAS and (D) toluidine blue. Image taken at 1000X 
magnification. BB, brush border; CM, cellular material; EC, epithelial cell; ECS, ectoperitro
space; ENS, endoperitrophic space; N, nucleus; MU, muscle; PM, peritrophic membrane. 
Arrows indicate protein
 
Fig. 16. Comparison between brush boarders stained with different dyes. 
blue, (B) Nile blue, (C) PAS and (D) toluidine blue. Image taken at 1000X magnification
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(A) Bromophenol 
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Fig. 17.  The metachromasia showing the structures stained in purple or violet tones while the 
exoskeleton remained in light blue tones. Stained with toluidine blue dye, image t
magnification. ENS, endoperitrophic space; EXO, exoskeleton; FB, fat body; GC, gastric caeca
While the toluidine blue dye did not show red 
metachromasia in any structure, it did show color 
variation between the internal structures and the 
integument. The structures were stained in 
purple or violet tones, while the exoskeleton 
remained a light blue tone (Fig. 17). The 
tegument of the larva, or cuticle, is composed of 
some proteins and has a non-chitinous outer 
covering, called the epicuticula [30].
 
4. CONCLUSION 
 
This study enabled a better understanding of 
cellular differences and basic histochemical 
features that occur throughout the intestinal tract 
of Ae. aegypti healthy larvae.  In addition, the 
images presented collaborate to a better 
understanding and visualization of the healthy 
structures, allowing researchers to have a clearer 
assessment on the possible damage caused by 
exposure to chemical compounds, isolated 
products of plants, microorganisms, and others.
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